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(71) We, Commissariat a l'Energie 
Atomique, an organisation created in France 
by ordinance No. 45 — 25'63 of l*8th October 
11945, of '29 rue de la 'Federation, Paris '15e, 
'France, do hereby declare the invention, for 
which we pray that a patent may be granted 
to US3 and the method by whtdh it is to be 
pcrfonmed, to be particulaarly described in and 
by the following statement: — 

The invention relates to the use and adapta- 
tion of a conventional particle detector for pro- 
ducing patterns of the diffraction of the var- 
ious rays by a crystalline stnucmire. 

The production of diffraction patterns for 
X-rays by a crystal has long been done witii 
simple equipment. 'A beam of X-rays is sent 
by way of a collimator on to the sample whicii 
is to be analysed, which is held in an orientata- 
ble support. The diffracted rays are recorded 
by photographic film following an arc inter- 
secting the direction of the initial beam at 
•right angles and centred on the sample. The 
diffraction patterns are recorded direoly on to 
the sensitive film, unless zinc-suliphide intensi- 
fying screens are used. 

A disadvantage of conventional equipment 
for producing diffraction patterns for X-rays 
is the long exposure time of up to a few days. 
This disadvantage is particularly serious when 
studying fragile crystalline structures whidi 
may be modified or even destroyed by pene- 
trating radiation. 

The apparatus embodying the invention can 
give panerns of diffraction, by a crystal, for 
X or gamma rays in a short itime, possibly 
only a few minutes. By means of improve- 
ments of the apparatus, diffraction patterns 
can be readily obtained for substances which 
are particularly sensitive to radiation. 

A gas-type detector is used, based on that 
described in our British patent specification 
No. il,089,ai'8-. 

According to the invention there is provided 
[Price Ss. Od. (2Sp)1 



apparatus for obtaining patterns of die diffrac- 
tion by a crystal of X or ganma rays, charac- 45 
terised in that it comprises a coUmiator; an 
orientatable crystal support; a gas-type detec- 
tor having three paralld electrodes comprising 
cathode, an auxiliary electrode in the form of 
a grid and a transparent anode, said detector 50 
being so positioned that tiie cathode is perpen- 
dicular to and intersected iby the direction of 
the primary ladiation beam, the cathode/auxi- 
liary electrode voltage being adapted to peimit 
collection of the electrons produced by the 55 
ionising action of the incident radiation^ and 
the auxiliaiy-electrode/anode voltage being at 
least equal to that for wiflch the electrons give 
rise to avalanche phenomena, and apparatus 
arranged on a line extending in the direction 60 
of the radiation beam for recording or display- 
ing the images which appear in the gaip be- 
tween the aamliary electrode and die anode. 

If the ciystal is to be orientated directiy 
wliile the pattern produced is observed, the an- 65 
ode is simply covered with a layer of luminous 
material having a persistence of a few seconds. 

In this embodiment, the maximum spark 
count rate is low because o«f an appreciable 
dead time after each spark appears. Also, if 70 
the detector is operating as a spark chamber 
it cannot discriminate between particles ac- 
cording to their energy. 

If a diffraction pattern is desired for a frag- 
ile, complex crystalline substance, in whidi 75 
case the pattern will contain some thousands 
of spots, the apparatus just described can be 
improved. 

In this case, preferably, the detector dis- 
closed in the patent specification cited is used 80 
as set forth in our British patent spedficairion 
Mo. iliV59^609. 

The auxiliary electrode/anode voltage in the 
gas-type detector is then selected to prevent 
sparks from foiming between the electrodes. 85 
The knage due to a^anche phenomena is re- 
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cehred by the photocathode of an image 
imensffier before being swnt to the photocath- 
ode of a television-camera tube. 
Advantageously, the cathode in thw appara- 
5 tus is a beiylliuni window, which has low A- 
rav atosoiption. , 

Apart Irom these main features, the inven- 
tion relates to varioois secondary features men- 
tioned below, relating to two embodiments ol 
10 the invention. . , , 

To facilitate comprehension of the cnarac- 
teristic techniques of the invention, a gas-type 
detector of the kind described in the patent 
specification cited will now be described, with 
15 two embodiments of the invention. In the ac- 
companying drawings: — 

•Figure II is a section through the gas-type 
deteaor mentioned; 

Figure 2 shows apparatus embodying the in- 
20 vcntion for producing X-ray diffraction pat- 
Terns, with a gas-type deteaor operating as a 
spactk diamtoer; and . 

Fiaire 3 shows a second embodiment ^ the 
invention, intended to produce X-ray diffrac- 
25 tion patterns and comprising a gas-type dctcc- 
tor which used avalanche phenomena. 

A gas-type detector of the known type al- 
ready citcd^s a fluid-tight envelope consist- 
ing of a cylindrical sleeve 2, of which the up- 
30 p« end is closed by transparent ghiss 4 and 
die lower end is a thin cathode 6^ for 

example of ahaninium foil. This dim sheet i 
supported on a plate (10 containing parallel 
and actini as a coUimator. This plate 
35 may be of lead or corrosion-resistant steel. 

Inside the envelope, which is filled with gas, 
and above and parallel with the cathode, there 
is a fine^h metal grid 112 and a minsparent 
anode 14 with a conductive surface (f or cxam- 
40 pie, a fine mesh-grating or glass coated with 
a conductive deposit). 

If the detector is fiUed with an m«t gas, 
no image of a radioactive source can t>e oo- 
tained. If, on the odier hand, an appropriate 
45 quantity of organic vapour 5''^^T'^^J?'*i,''™ 
^et radiation of the gas is added, discharges 
can be produced and sparks can be seen m 
the presence of the source, provided that die 
arid/anode voluge has been suitably selected. 
50 TTie main cwnponent of die apparatus in 
Figure 2 is a gas-type detector 20 based on 
tiiat in Figure 1. The apparams has a flmd- 
ueht cylindrical envelope 22 with a cadiode 
34 at its lower end and widi a transparent 
55 upper end 25. In accordance with die main 
feftme of diis kind df detector, it has diree 
parallel electrodes: the cadiode already men- 
. tioned, which may be a diin sheet of beryUi^ 
(particulariy suitable, on account df its low ab- 
60 s^don, if die apparatus is to P"**^ ^-ray 
diffraction patterns); an auxiliary electrode in 
die form of a grid 36; and « transparent anode 
28, generally consisting of a conducnve, trans- 
pa^it coating of — for example — tm oxide 
65 on a glass suppwt. 



It will be noted diat die deteaor does not 
contain a coUimator in the vicinity of 
ode, nor an emissive deposit on the cathode. 

In diese conditions, the rays wiU.be deteaed 
by ionisation of the filler gas. This was only 70 
panly true of die particle detector shown in 
Figure !1, which is set to operate as a sparK 
chamber, i.e. widi an auxiliary electrode/anode 
voltage such diat die avalanche i*enomeM set 
off between diese electrodes causes sparks to 79 
appear. The same applies to die detector ZU 

^^A^^xifiy beam from a source 30 (not 
shown) is sent by way of a collmiator 3-2 to 
a crystal 34 held in die corrca ,POS>ao^,^ «> 
a sample suppon 36. A lead weU 40 below 
fhe centre ^Te cadiode 24 receives die be«un 
direct from its passage dirough die sample and 
prevents a central spot frOTi appearing ot tne 
panem. 42 designates a diffraaed X-ray fonn- 85 
ing an angle « widi die axis of the apparaws. 
Ekctrons are foimed by lomsation of the gas 
in die detector by those X-rays hainng 
sufficient energy. Some X-rays, "® „ 

not detected, whereas odiers cause ions to (foiro 90 
at some point along dieir pa* between the 
cadiode and the auxiliary electrode Imtmoon 
of avalanche phenomena on the odier side of 
the grid elearode 26 wiU enable such a ray 
to cSse a spot to appear on die anode at a 95 
distance which is offset in relauon to the point 
of impact <yf die ray upon die cathode by a 
distance equal to e tan a where e is the dis- 
Tance betv^een die cadiode and die aoixiha^ 
eleorode. The resotation of the apj^raws is 100 
therefore improved by reducing die *>««lthof 
tJiis detection gap e as much as possible. The 
size of this reducdon deteimines the 
cathodc/auxiliary-electrode voltage and die 
detection efficiency of die deteaor. . 

The apparatus also contains a photographic 
cone 44 and camera 46. 

InTn apparatus of dris kind consinicted by 
the applicants, die distances betweai die cath- 
ode a^^ auxiliary eleorode and between Ae 110 
Miliary electrode and anode are respectively 
more than 2 mm and more dian 4 ^mn, and 
the voltages between die two pairs of elec- 
trics art approximately ilOO volts and ap- 
?rwSnately 8000 volts (diesc valu« not being 115 
critS^. The filler gas is Xenon widi methylal. 
SI partial pressure «f the 
between 650 and 750 mm of mcrcuryand diat 
SX^atter 15 or '20 dmes lower, Tlie dead 
Sne of the apparatus is approximately 3.5 120 

"^SS? be noted duit the applicants pro- 
duced Laue spots by means of die apparatus 
in Figure 2, using a radioaaive source to gen- 
erate radiation (7 rays). 

To give diffraction patterns for fragile, 
Dlex crystaUine structures, in which case these 
^SeSImay contain some dwusands of spoK, 
die exposure time of die scructure to the X- 
rays ^y be considerably reduced by using a 130 



3 



1,209,788 



3 



gas-type detector of the type -shown (Figure 
1), in which the auxiliary electrode/anode vol- 
tage is selected so that only avalanche pheno- 
mena ocour in this gap, and no sparks fform. 

5 The image df glow due to the avalanche 
phenomena is amplified ibe'fore being sent to 
the cathode of a television-camera tube. 

In this case, the gas-type detector operates 
proportionally, and true discrimination accord- 

10 ing to energy can be obtained by means of 
photo-multipliers which receive light from 
these avalanches and control opening of the 
image intensificr by means of their output 
levels. 

15 The apparatus in [Figure 3 operates as jmst 
described. 

It will be noted that like components have 
'IHce references in Figures «2 and 3, 

The gas-type detector used is of the same 
20 kind" as that in Figure 2, the only difference 
relating to the manner of regulation. 

In a manner similar to Figure 2, an X-ray 
beam from a source 30 (not shown) is passed 
by way of a collimator 312 towards the sample 
25 34 which is to be analysed. The diffracted rays 
42 are direaed to the cathode, of which the 
centre is protected by a well 40.. 

The image formed by the glow due to the 
avalanche phenomena is transmitted to the 
30 television-camera tube 48 by the multi-stage 
image intensifier '50 with secondary emission. 
The image observed is tfonned on the photo- 
cathode 5i2 of the intensifier by a lens 54. The 
image which is to go to the camera 48 appears 
35 on the screen 56 of the ifiube. 'A focusing solen- 
oid 5'8 surrounds the intensifier 50. 
"WHAT WE (QLAillM IS : — 
II. lAipparatus for obtaining patterns of the 
diffraction by a crystal of X or gamma rays, 
40 characterised in tliat it comprises a collimator; 
an orientatable crystal support; a gas-type de- 
teaor having three parallel electrodes compris- 
ing cathode, an a.uxiliaiy electrode in the form 
of a grid and a transparent anode, said detec- 
45 tor being so positioned that the cadiode is per- 



pendicular to and intersected by the direction 
of the primary radiation beam, the 
cathode/auxiliary electrode voltage being 
adapted to peimit collection Of the electrons 
produced by the ionising action of the incident 50 
radiation, and the auxiliary-electrode/anode 
voltage being at least equal to that for which 
the electrons give rise to avalanche phenomena, 
and apparatus arranged on a line extending 
■in the direction of the radiation beam for re- 55 
cording or displaying the images which appear 
in the gap between the auxiliary electrode and 
the anode. 

2. Ajj^arams as set forth in daim fl, charac- 
terised in that the auxiliary-electrode/anode 60 
voltage in the gas-type detector is adjustai so 
that the avalanche phenomena cause sparks to 
appear between the auxiliary electrode and; the 
anode, the images appearing being recorded 

by a camera. 65 

3. Apparatus as set forth in claim 2, charac- 
terised in that the anode in the detector is 
coated with a layer of a luminous substance 
having a persistence of about a second. 

4. Apparatus as set forth in claim 1, charac- 70 
terised in that the auxiliaiy-electrode/anode 
voltage in the gas-type detector is seleaed to 
prevent sparks from forming between these 
electrodes, the image due to the avalanche 
phenomenon being projected on the photo 75 
cathode of an image intensifier before being 
sent on to the photocathode of a television- 
camera tube.. 

5. Apparatus as set forth in dakn 2, 3 or 

4, characterised in that the cathodfe is a bttyl- 80 
Hum window. 

6», Apparatus for obtaining patterns of 
diffraction substantially as described and as 
shown in the accompanying drawings. 
For ithe Applicants: 
F. J. OLIEVEiDAINiD & fCOZVEPAINY, 
'Chartered 'Patent Agents, 
Lincoln's Tnn fOhamibers, 
40/43 Chancery Lane, 
London, WJC«2. 
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